International studies report a decline in mortality following non-ST-elevation myocardial infarction (NSTEMI). Whether this is due to lower baseline risk or increased utilization of guideline-indicated treatments is unknown.
6,7
However, there is a paucity of contemporary studies of sufficient duration and representation from a population perspective that enable a detailed evaluation of the association of baseline risk and guideline-indicated therapies with mortality among patients with NSTEMI. 1, [8] [9] [10] The Myocardial Ischaemia National Audit Project (MINAP) is the only wholecountry acute coronary syndrome registry, representing all hospitals in a single health system (the National Health Service of England and Wales) with prospective collection of detailed information about quality of care and clinical outcomes of patients for more than 15 years. 11, 12 Thus, MINAP
represents an opportunity to undertake phenotype-and treatment-specific studies of temporal changes in clinical outcomes for NSTEMI. Therefore, we aimed to investigate whether temporal improvements in 180-day mortality between 2003 and 2013 were associated with changes in patients' baseline clinical risk or use of guideline-indicated treatments for management of NSTEMI among patients in the UK National Health Service.
Methods

Data and Patients
MINAP is a comprehensive clinical database of patients hospitalized with acute myocardial infarction, mandated by the Department of Health for all hospitals in England and Wales. Data are collected prospectively at each hospital, electronically encrypted, and transferred online to a central database. Data entry is subject to routine error checking and a mandatory annual data validation exercise. Mortality data were obtained through linkage with Office for National Statistics death records, which occurs on an annual basis. Further details of MINAP have been published elsewhere.
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The analytical cohort was derived from all patients with NSTEMI admitted to 1 of 247 hospitals between January 1, 2003, and June 30, 2013 (eFigure 1 in the Supplement). Patients were eligible for the study if they were aged 18 years or older with a final diagnosis of NSTEMI. The final diagnosis was determined by local clinicians according to presenting history, clinical examination, and the results of inpatient investigations in keeping with the consensus document of the Joint European Society of Cardiology and American College of Cardiology. 13 Patients who died in the hospital were excluded from the study because it was not possible to accurately ascertain their receipt of pharmacological therapies. Furthermore, patients with missing postdischarge mortality data were excluded from the analysis. A sensitivity analysis was conducted to assess the statistical effect of excluding those who died in the hospital (eAppendix 1 and eTables 2-4 in the Supplement).
Patient-level data included baseline Global Registry of Acute Coronary Events (GRACE) risk score (including age, cardiac arrest, ST-segment deviation, elevated enzyme levels, systolic blood pressure, heart rate, loop diuretic [substituted for Killip class] , and creatinine), patient demographics (sex, index of multiple deprivation), comorbidities (history of diabetes, smoking, coronary heart disease, hypertension, myocardial infarction, angina, peripheral vascular disease, cerebrovascular disease, chronic obstructive pulmonary disease or asthma, chronic renal failure [defined as creatinine level chronically >200 μmol/L {>2.26 mg/dL}], congestive heart failure, previous percutaneous coronary intervention [PCI] , coronary artery bypass graft [CABG] surgery, and elevated cholesterol level [defined as an elevation of serum cholesterol requiring dietary or drug treatment]), pharmacological therapies at discharge (aspirin, β-blockers, statins, angiotensinconverting enzyme inhibitors or angiotensin receptor blockers, P2Y 12 inhibitors, or aldosterone antagonists), use of an invasive coronary strategy (coronary angiography, PCI, or CABG surgery), and mortality (through linkage to the Office for National Statistics).
Ethical Approval
The National Institute for Cardiovascular Outcomes Research, which includes the MINAP database, has support under section 251 of the National Health Service Act of 2006 to use patient information for medical research without informed consent. Ethical approval was not required under current National Health Service research governance arrangements.
Statistical Analyses
Baseline characteristics were described using numbers and percentages for categorical data and means and standard deviations or medians and interquartile ranges for normally and nonnormally distributed continuous variables. For each patient, the probability of 180-day all-cause mortality after discharge was calculated using the GRACE risk score (range,
Key Points
Question Are temporal changes in clinical factors and therapeutic strategies associated with improvements in survival following non-ST-elevation myocardial infarction?
Findings In this prospective cohort study of 389 057 patients from 2003 to 2013, patient clinical risk decreased while use of guideline-indicated care increased. There was a significant decrease in 180-day all-cause mortality from 10.8% to 7.6% that was associated with increased use of an invasive coronary strategy after adjustment for changes in clinical risk and pharmacological therapies.
Meaning Invasive management may have been a contributor to declining mortality due to non-ST-elevation myocardial infarction between 2003 and 2013.
tests. An ordered logistic regression model was fitted to determine the temporal trend in GRACE risk score category for each year of the study period, and results are presented as odds ratios.
A series of Royston-Parmar flexible parametric survival models 17 were fitted to determine the extent to which pharmacological treatments and an invasive coronary strategy (defined as coronary angiography, PCI, or CABG surgery) explained the association between baseline risk and survival trends. Flexible parametric survival models were selected in favor of Cox regression models to overcome violation of the proportional hazards assumption. Initially, a bivariable model was fitted to determine the overall temporal trend by year. Subsequently, the statistical effect of the GRACE risk score, comorbidity, pharmacological therapies at discharge, and an invasive coronary strategy on the yearly temporal trend was determined by incrementally adding these data to the model (see eTable 5 in the Supplement for sensitivity of the model to order of model building). Multiple imputation by chained equations was used to produce 10 imputed data sets to minimize bias caused by missing data (eAppendix 2 and eTables 6-8 in the Supplement). Pooled estimates and accompanying 95% confidence intervals were generated according to Rubin's rules. 18 Improvements in model fit at each stage were determined by minimizing the Akaike information criterion and Bayesian information criterion ranges across all 10 imputations. The scale (proportional hazards, proportional odds, or normal) and complexity (number of degrees of freedom) for flexible parametric survival models were checked on the full multivariable model for each imputation (eTable 9 in the Supplement). To assess the potential statistical effect of clustering of patients within hospitals, a sensitivity analysis was conducted comparing estimates from a Cox model with and without the inclusion of a shared frailty term (eAppendix 3 and eTable 10 in the Supplement). To assess the potential for selection bias, an instrumental variable analysis with hospital rates of coronary angiography served to approximate a random assignment of patients to regional treatment groups that differed in their likelihood of receiving an invasive coronary strategy (eAppendix 4 and eTables 11 and 12 in the Supplement). In addition, a mediation analysis was conducted to determine the proportion of survival trends that were mediated by pharmacological therapies or use of an invasive coronary strategy in turn, while adjusting for confounding variables (eAppendix 5 and eFigures 3 and 4 in the Supplement). All tests were 2-sided, and statistical significance was considered P < .05. Statistical analyses were performed in Stata version 14 (http://www.stata.com/) and R version 3.1.2 (https: //cran.r-project.org/).
Results
The analytical cohort (n = 389 057) was drawn from 441 945 patients with NSTEMI admitted to 1 of 247 hospitals between January 1, 2003, and June 30, 2013 (eFigure 1 in the Supplement). A total of 31 321 patients (7.1%) who died in the hospital and 21 567 patients (4.9%) who had missing postdischarge mortality data were excluded from the analysis. The median follow-up time was 2.3 years (maximum, 8.4 years; 1 079 044 person-years). The median age for the NSTEMI cohort was 72.7 years (interquartile range, 61.7-81.2 years); 63.1% were male. Typically, individuals had high comorbidity: more than half had hypertension or were a current or ex-smoker and more than a quarter had diabetes, angina, or previous myocardial infarction ( Table 1) . Overall, 82.9% had an intermediate to high GRACE risk score, 9.7% had a low GRACE risk score, and 7.4% had a lowest GRACE risk score. During the full follow-up period, there were 113 586 deaths (29.2%) corresponding to 10.5 deaths per 100 person-years. At 180 days after hospital discharge, there had been 37 236 deaths (9.6%).
Temporal Trends in Clinical Characteristics
Temporal trends in baseline clinical characteristics are shown in Table 1 . Over the study period, the proportion of patients with NSTEMI who had diabetes, hypertension, cerebrovascular disease, chronic obstructive pulmonary disease or asthma, chronic renal failure, previous PCI, previous CABG surgery, or current or ex-smoking status increased (all P<.001 for trend). In contrast, the proportion of patients with previous myocardial infarction, angina, peripheral vascular disease, and congestive heart failure decreased (all P<.001 for trend). There was a reduction in the proportion of patients with NSTEMI who had an initial diagnosis of chest pain of uncertain cause (21.3% vs 13.4%; difference, 7.9%; 95% CI, 6.9%-8.9%; P<.001 for trend) and corresponding increase in the number of patients with an initial diagnosis of acute coronary syndrome or probable acute myocardial infarction (57.6% vs 72.8%; difference, 15.2%; 95% CI, 14.6%-15.9%; P<.001 for trend).
Temporal Trends in GRACE Risk Score
From 2003-2004 to 2012-2013, the proportions of NSTEMI in the intermediate to high GRACE risk category decreased (87.2% vs 82.0%; difference, 5.2%; 95% CI, 1.78%-8.62%); the proportions in the lowest GRACE risk category increased (4.2% vs 7.6%; difference, 3.4%; 95% CI, −5.9% to 12.7%); and the proportions at low risk increased (8.6% vs 10.4%; difference, 1.8%; 95% CI, −7.3% to 10.9%) (P = .01 for trend) (eFigure 2 in the Supplement). During the entire study period (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) , patients were on average less likely to be at intermediate to high GRACE risk (odds ratio, 0.96; 95% CI, 0.96-0.97 per year) ( Table 2 ). This temporal trend remained after adjusting for additional patient demographics, comorbidity, and pharmacological medications prescribed at hospital discharge. Over the study period, more patients who underwent an invasive coronary strategy were in the intermediate to high GRACE risk category (odds ratio, 1.01; 95% CI, 1.01-1.02 per year). 
Temporal Trends in Guideline-Indicated Treatments
The use of aspirin (95.9% vs 98.4%; difference, 2.5%; 95% CI, 2.3%-2.7%; P<.001 for trend), β-blockers (85.4% vs 95.4%; difference, 10%; 95% CI, 9.6%-10.4%; P<.001 for trend), statins (89.0% vs 96.6%; difference, 7.6%; 95% CI, 7.3%-7.9%; P<.001 for trend), angiotensin-converting enzyme inhibitors or angiotensin receptor blockers (81.1% vs 92.6%; difference, 11.5%; 95% CI, 11.1%-12.0%; P<.001 for trend), P2Y 12 inhibitors (0% vs 94.9%), and aldosterone antagonists (0% vs 13.7%) at discharge increased (Figure 1) . The use of coronary angiography, PCI, or CABG surgery increased (P < .001) and in 2012-2013 reached rates of 71.5%, 33.3%, and 3.0%, respectively (Figure 1) . Aspirin, P2Y 12 inhibitors, β-blockers, angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, and statins had a significant association with improved survival (eTable 1 in the Supplement).
Temporal Trends in Mortality
From 2003-2004 to 2012-2013, unadjusted all-cause mortality rates at 30 days following hospital discharge decreased from 2.6% (95% CI, 2.5%-2.7%) to 2.0% (95% CI, 1.9%-2.1%) and at 180 days from 10.8% (95% CI, 10.5%-10.9%) to 7.6% (95% CI, 7.4%-7.8%). Over the study period, there was an absolute decrease in the adjusted mortality rate of 0.48 per 100 patients (95% CI, 0.25-0.72 per 100), corresponding to an average 3.2% relative improvement in survival per year (hazard ratio [HR], 0.968; 95% CI, 0.966-0.971). Figure 2 shows that the decline in mortality at 30 and 180 days was greater for patients with NSTEMI who were at intermediate to high GRACE risk than for patients at lowest and low GRACE risk. In-hospital mortality decreased from 10. 
Association Between Changing Risk Profile and Improved Outcomes
The magnitude of the temporal survival improvements be- (Table 3) . However, when use of an invasive coronary strategy (coronary angiography, PCI, or CABG surgery) was added, the temporal improvements in survival were reversed (difference in AMR/100, 0.59 [95% CI, 0.33-0.86]; HR, 1.02 [95% CI, 1.01-1.03]), suggesting that this variable significantly accounted for at least part of the reduction in NSTEMI mortality between 2003 and 2013 above that of reducing baseline risk, increasing comorbidities, and use of pharmacological therapies. After accounting for use of an invasive coronary strategy, apparent baseline survival worsened by an average of 2.0% per year. This result remained consistent in a sensitivity analysis whereby in-hospital deaths were included (HR, 1.020; 95% CI, 1.004-1.035) (eTable 4 in the Supplement). The finding that the increased use of an invasive coronary strategy was associated with temporal improvements in survival was consistent with mediation, which showed that 88.3% (95% CI, 55.3%-89.6%) and 9.9% (95% CI, 5.6%-10.6%) of this temporal change may be explained by increased use of an invasive coronary strategy and pharmacological therapies, respectively (eAppendix 5 in the Supplement). Within the instrumental variable analysis, use of an invasive coronary strategy was associated with a relative decrease in mortality of 46.1% (95% CI, 38.9%-52.0%) (eAppendix 4 in the Supplement). Furthermore, the estimate of the indirect contribution associated with an invasive coronary strategy through the provision of cardiac rehabilitation was small (3.6%; 95% CI, 3.0%-3.7%).
Discussion
In this prospective observational cohort study of the management and outcome of patients with acute coronary syndrome using data for all hospitals in a single health care system, improvements in survival following NSTEMI were associated with use of an invasive coronary strategy. Among nearly 400 000 patients with NSTEMI hospitalized between 2003 and 2013, the temporal reduction in baseline acute coronary syndrome risk, increase in comorbidities, and use of guidelineindicated pharmacological therapies did not fully explain the relative 3.2% yearly improvement in survival. As seen in international registries, these improvements were significantly and independently associated with use of an invasive coronary strategy.
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International guidelines recommend use of pharmacological therapies and invasive coronary procedures according to baseline clinical risk. 4, 5 This is a result of robust evidence from randomized clinical trials clearly showing that early intervention in moderate-to high-risk patients is associated with better outcomes. 20-22 Consequent evidence from large cohort studies across many countries shows a reduction in rates of death following acute coronary syndrome. 1, 2, 23, 24 Yet there were concerns that improvements in outcomes were due to a lower-risk population. That is, the introduction of a higher-sensitivity a reduction in baseline risk of death. 1 This study is one of the first to our knowledge to describe at scale the high but decreasing baseline acute coronary syndrome risk profile of patients with NSTEMI as well as their increasingly comorbid status. During the study period, there was a significant reduction in the proportion of patients with NSTEMI who were given an initial diagnosis of chest pain of uncertain cause and a corresponding increase in the number of patients with an initial diagnosis of acute coronary syndrome or probable acute myocardial infarction. It is possible that this was related to the wider and earlier use of more sensitive cardiac biomarkers.
5 Earlier and more accurate diagnosis can lead to more appropriate and timely treatment, including a riskdetermined invasive coronary strategy, with resultant improved outcomes.
5,28
Although the findings were consistent with mediation of the reduction in mortality following NSTEMI by the use of an invasive coronary strategy, the use of pharmacological therapies prescribed at discharge offered little contribution to the change in the full survival effects. However, these findings should not be interpreted to indicate that medical therapies have no role in management of NSTEMI. In the cohort, aspirin, P2Y 12 inhibitors, β-blockers, angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, and statins each had a significant association with improved survival.
The majority (>80%) of patients in this NSTEMI cohort were at intermediate to high risk of death at 180 days. According to international guidelines, those at and above intermediate risk should receive an invasive coronary strategy; however, fewer than half of those with NSTEMI underwent coronary angiography. This finding is in keeping with the well-known risktreatment paradox whereby the highest frequency of treatments were seen among patients in the lower risk category. 29 Moreover, a series of randomized studies have shown that the 
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To our knowledge, MINAP is the largest whole-country, single-health-system, prospective observational cohort of the quality of care and clinical outcomes across the spectrum of acute coronary syndrome. It is designed to be representative of the management of acute coronary syndrome in a clinical setting and has standardized criteria for defining case mix and treatments. However, there were limitations.
First, the study was reliant on accurate recording of data. Second, MINAP does not collect all cases of NSTEMI. Third, missing data could have biased the estimates. However, an imputation strategy to minimize bias was implemented following a previous comprehensive study of the nature of missing MINAP data. 33 Fourth, it is probable that other factors beyond the hospital stay (such as drug adherence and primary care visits) may also have influenced survival. Although data on primary care visits or drug adherence were not available, the findings were consistent with mediation analysis showing that only a small proportion of the change in survival was statistically accounted for by referral for cardiac rehabilitation-a multidimensional program that includes exercise programs, dietary advice, and smoking cessation advice if appropriate; drug adherence and psychological counseling; and follow-up for up to 3 months after NSTEMI. Fifth, all-cause mortality was studied because causespecific mortality data were not available. This is a limitation because noncardiovascular deaths may not be attributable to NSTEMI care. However, cause-specific mortality data might not always be reliable for cardiovascular-related causes of death. Moreover, most deaths within 180 days of discharge after NSTEMI would likely be cardiovascular related. Sixth, in-hospital deaths were excluded, which could have resulted in survivorship bias. Nonetheless, a sensitivity analysis revealed that exclusion of these cases did not affect the conclusions drawn. Seventh, the definition of an invasive coronary strategy included coronary angiography, which is a diagnostic procedure. Earlier work using MINAP data investigated the association between use of coronary angiography and better outcomes, whereby more than 40% of patients with NSTEMI underwent PCI. 34 Eighth, the results from this study could have been biased by selection of cases and mediated by factors other than those modeled. Sensitivity analyses were undertaken to quantify the potential bias and found that the resultant effect sizes were only modestly reduced. However, there may be some residual confounding from unmeasured factors. This study found odds of death associated with use of an invasive coronary strategy (odds of death, 0.54; 95% CI, 0.48-0.62) comparable with that observed in randomized clinical trial data (odds of death or myocardial infarction, 0.68; 95% CI, 0.56-0.82).
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Ninth, this observational study cannot demonstrate causation, although adjustment was made for confounding factors based on available information in the study data set and was informed by external information from other studies.
Conclusions
Among patients hospitalized with NSTEMI in England and Wales, improvements in all-cause survival were observed between 2003 and 2013 that were significantly associated with use of an invasive treatment strategy and not entirely related to a decline in baseline clinical risk or increased use of pharmacological therapies.
